Rapid growth of China's urban road vehicles, in particular, the increase in the number of gasoline vehicles, leads to an increase in the traffic congestion and problems pertaining to air pollution. The establishment of the emission inventory of gasoline vehicles is influenced by several factors, like environmental characteristics, vehicle conditions, road conditions, and so on. In order to obtain gasoline vehicle emission inventory in accordance with the actual situation in different regions, this study proposed a method of establishing a list of gasoline vehicles with regional differences. Comprehensive consideration and evaluation of various factors that affect the vehicle emissions were carried out and the corresponding correction factors were obtained. According to the formula of comprehensive emission factor for Zibo city, the emission inventory of gasoline vehicle was established. This method can be effectively utilized to obtain the emission inventory of gasoline vehicles in different cities more accurately and provide theoretical support for control strategies of gasoline vehicle emissions.
Introduction
With the development of urban economy in China, pollution due to vehicle's emission has become a significant environmental problem. By the end of 2015, the gasoline vehicle population in China reached 172 million, for which the quantity of emission accounted for 65.5% of the total emission of vehicles [1] . Therefore, a strengthened control on gasoline vehicle's exhaust emission is a significant measure to improve the urban air quality. To determine more targeted energy saving and emission reduction strategies, the approach to determine a reasonable and accurate emission inventory of gasoline vehicles becomes one of the most important and challenging tasks.
A series of related studies about vehicle emission inventory is available at home and abroad. Sun et al. [2] took into account the dynamic changes of emission standards and fuel quality, and considering the differences of driving conditions for each vehicle type in urban road, suburban road, and highway, they established a high-resolution vehicle emission inventory based on COPERT model and GIS technology. Li et al. [3] selected Chang-Zhu-Tan urban agglomeration as the research region and established the vehicle emission inventory in this region. Further, they analyzed the spacetime distribution characteristics and contribution rate of regional vehicle emissions. Yao et al. [4] selected 12 typical cities in China to establish the vehicle emission inventory from 1990 to 2009 and analyzed the historical evolution trend of vehicle emission in various cities. They finally identified the gasoline vehicle as the main source of the city's carbon monoxide (CO) and volatile organic compounds (VOCs) emissions and provided the results of the contribution rate of different gasoline models to specific pollutants. A highresolution inventory of greenhouse gas (GHG) emission distribution of the road transport sector in Argentina was established based on GIS map by Puliafito et al. [5] after obtaining regional spatial distribution by DMSP satellite.
Commonly, the studies of vehicle emission inventory do not take into account the comprehensive consideration of the influence of environmental factors, vehicle situations, and 2 Journal of Advanced Transportation road conditions in different regions. Based on relevant studies of low-carbon urban planning in Beijing, Wang et al. [6] put forward methods for low-carbon urban planning, including preparation of current and proposed carbon emission inventories, analysis of proposed carbon emission scenarios, city low-carbon development madmap, selection of strategies, and formulation of policies for low-carbon development. Guo et al. [7] evaluated the International Vehicle Emissions (IVE) model by utilizing a dataset available from the remote sensing measurements on a large number of vehicles at five different sites in Hangzhou, China, in 2004 and 2005. They contrasted the remote sensing data of three pollutants and proposed the adjustment of the basic emission factors from the local study to improve the model. Li et al. [8] investigated the emission profile of exhaust PM 2.5 of 12 light gasoline vehicles by using vehicle test bench and particle dilution sampling system and analyzed the PM 2.5 emission characteristics of light gasoline vehicle exhaust. Ni et al. [9] tested gasoline vehicle emissions and fuel consumption at different altitudes. They further studied the mechanism of gasoline vehicle emissions and fuel consumption at different altitudes through emission characteristics of CO, total hydrocarbon (THC), and nitrogen oxides (NOx) and also through changes in fuel consumption. Zhou et al. [10] explored the real-world emission status of light gasoline vehicles by using roadside remote sensing measurement and calculated the emission factors based on fuel and distance by mass balance method. Guo et al. [11] [12] [13] analyzed the relationship between light duty electronic fuel injection (EFI) gasoline vehicles emissions and useful life using the vehicle emissions test data from motor vehicle exhaust monitoring center.
In this study, the gasoline vehicle was selected as the research object and the environmental parameters, the average vehicle speed, the load coefficient, and the deterioration coefficient were adopted for correction. Furthermore, the comprehensive emission factor suitable for the regional characteristics was obtained. Finally, the gasoline vehicle's emission inventory was computed and analyzed based on the established model.
Calculation Framework

Basic Emission Factors.
Since 1999, China has begun to adopt the European emission standard (National Phase-I emission standard corresponding to the emission standard of Euro I), and by 2015 it has implemented the five national standards. In light of the investigation results released by the National Bureau of statistics (China Statistical Yearbook 2015), China's vehicles that have been implementing different emission standards from National Standard I to National Standard V accounted for 2, 4, 12, 54, and 28%, respectively. Based on the national average environmental condition, vehicle condition, and road condition, and related industry standards, the basic emission factors of gasoline vehicle were obtained. Table 1 lists the basic emission factor data of various types of gasoline vehicles under different emission standards.
2.2.
Model. First, the regional vehicle population and the annual average distance of various types of gasoline vehicles were obtained pursuant to the Yearbook of National Bureau of Statistics and Local Bureau of Statistics. Second, the basic emission factors of gasoline vehicle were established based on the displacement of various gasoline vehicles and related industry standards. Then the emission correction factors model of gasoline vehicle affected by regional differences were established based on the basic emission factors with a comprehensive consideration of such factual factors affecting gasoline vehicle emission as environmental conditions, vehicle type, engine running status, fuel properties, and vehicle load. Finally, emission inventory of regional gasoline vehicles was acquired by combination of emission factors, local motor vehicle population, and driving mileage of various types of vehicles. The model calculation framework is shown in Figure 1 .
Vulcanization correction factors were used to reduce or eliminate the effect of sulfur content in gasoline on other polluting gases.
Analysis of Influencing Factors
Environmental condition and vehicle situation are the two standing out factors influencing the gasoline vehicle exhaust. On the one hand, significant regional differences are observed in temperature, humidity, and altitude, which directly affect the engine operating conditions [14] . On the other hand, running velocity, deterioration factor, fuel quality, and vehicle load coefficient also have an immediate implication on its exhaust. For these reasons, the emission correction factors of gasoline vehicle considering regional differences are conducive not only to a more accurate and real local vehicles emission condition, but also to a more realistic emission inventory.
Environmental Parameter Correction Factors.
China is a country with a vast territory of around 9.6 million square kilometers. The far-flung land area and diverse geomorphological characteristics shape a huge environmental difference in different regionals of China, making the hot and humid southern area in contrast with the cold and dry northern area. Based on the information released in China Climate Bulletin in 2015, the representative higher and lower values of altitude, temperature, and humidity are listed in Table 2 .
Differences in environmental conditions exert direct impacts on engine operating conditions. In the high altitude and frigid region with thin air, engine excess air coefficient becomes larger beset by less oxygen, lower atmospheric pressure, and larger intake resistance. Moreover, CO and HC exhaust, on the premise of oxygen deficit and incomplete combustion, increases significantly, which is also aggravated due to low environmental temperature, poor gasoline atomization effect, and insufficient burning of combustible gas mixture in hot and humid environment. In contrast, the engine becomes inefficient, troubled by high environmental temperature, slow engine cooling and heat dissipation, and high operating temperature of combustion chamber, GI, GII, GIII, GIV, and GV, respectively, represent the national emission standards of Phase-I, Phase-II, Phase-III, Phase-IV, and Phase-V. ultimately leading to aggravation in pollutant emission with increasing fuel consumption. In high relative humidity environment, water molecules present in the air enter into combustion chamber through the engine intake system. This results in incomplete combustion of combustible gas mixture and carbon deposition. This easily leads to surface ignition under high temperature, inducing preignition deflagration and some other tough operating conditions of engine, and thereby dramatically increasing the emission amount of NO x and PM 2.5/10 . [15] , based on influencing factors such as temperature, humidity, sulfur content, and altitude, the correction factors with similar environmental conditions were integrated based on actual situations, and the environmental parameter correction factors in high state and low state are listed in Table 3 .
According to Technical Guidelines for Preparation of Air Pollutants Emission Inventory of Road Vehicles
Definitions of the low state and high state of various environmental factors are summarized in Table 4 .
Average Velocity Correction Factors.
Vehicle operating conditions in different provinces and cities in China vary significantly owing to the different landforms, population densities, and road conditions of various regions. According to the data released in the Investigation Report for National Urban Automobiles Driving Conditions in 2015 by National Bureau of Statistics, vehicle operating conditions of six representative cities are listed in Table 5 .
Average velocity exerts direct influences on engine operating condition and emissions. When the vehicle runs in idle low load states and low velocity, less amount of mixed gas would get into the engine through its narrower throttle opening, leading to the serious dilution of the mixed gas by residual gas. Besides, slow engine velocity leads to slow inlet velocity, poor gasoline atomization and evaporation effect, and uneven mixed gas. Thus, in this case, the rich mixture is required. However, an overrich mixture in turn arouses incomplete combustion, thus exacerbating exhaust emission.
According to the guide, the gasoline vehicle velocity involved in the correction method has been divided into the following five intervals: 0-20, 20-30, 30-40, 40-80, and 80 km h −1 . Moreover, the average vehicle velocity correction factors of the gasoline vehicle were worked out and listed in Table 6 .
Load Correction Factors.
Owing to a sound growth momentum, the transportation industry in China confronts a noticeable problem of spatial development imbalance. For Journal of Advanced Transportation 5 instance, China's eastern coastal area, which boasts prosperous commodity economy, perfect transportation infrastructure, and advanced road network structure, possesses high transport efficiency with an average load coefficient around 65%. China's midwestern areas, in contrast, being limited by such factors of policy, economy, and landform, have relatively low transport efficiency with an average load coefficient of around 45%. Engine operating condition is directly influenced by vehicle load. With the increase in the loading weight, the vehicle suffers more running resistance and ramp resistance in the course of moving. In order to maintain the average velocity and reserve power, the richer mixed gas should be provided to the engine, which will generate a smaller excess air coefficient of chamber. Under the circumstances, the mixed gas, in which gasoline accounts for a large proportion, burns rapidly with less heat loss, contributing to a higher effective power of engine. However, still its combustion remains incomplete due to the insufficient inlet, thus producing large amounts of CO and HC and leading to carbon deposition. In this case, the probability of ignition and detonation of engine surface gets significantly increased, as also the exhaust amount of PM 2.5 / 10 .
With reference to the index of load correction factors of gasoline vehicle in the guide, the load correction factors were obtained and listed in Table 7 .
Degradation Correction Factors.
Exposure of the running vehicle to the external environment such as sunshine, air, wind, sand, rain, and snow is inevitable. Moreover, the interaction of internal parts of vehicle also leads to the heating, wear, and corrosion. Vehicle degradation is usually divided into tangible wear, invisible wear, and general wear. Similar to other mechanical equipment, the vehicle also degrades under the technical conditions and its performance also reduces after a period of use. This is well represented by the reduction of mechanical transmission efficiency and the increase of fuel consumption, as well as poor exhaust ternary catalytic effect. These degradation results lead to direct increase in exhaust pollutant emission.
The selection of service life as a deterioration correction parameter can facilitate the calculation and analysis of emission inventories. Therefore, referring to the data information in the guide, the correction parameters of gasoline vehicle deterioration were obtained as summarized in Table 8 .
The Vehicle Emission Inventory
The Combined Emission Factors.
The combined emission factors are the most important parameters for establishing the gasoline vehicle emission inventory. The combined correction emission factors of gasoline vehicle were calculated in accordance with the actual situation by correcting the basic emission factors in different regions, like environmental characteristics, vehicle conditions, and so on. These factors were calculated by using formula (1) as follows:
The meaning of each symbol in the formula is summarized in Table 9 .
, , indicates the type emission factor of vehicle in the region;
, , denotes the type basic emission factor of vehicle in the region; , represents the type vehicle population in the region; and , , indicates the type vehicle pollution in the region that conforms to the emission standard.
The calculation method of gasoline vehicle emission inventory is represented as follows:
where , , indicates the type emission of vehicle in the region;
, , represents the type emission factor of vehicle in the region;
, denotes the annual average driving distance of vehicle in the region; and , indicates the type vehicle emission in the region. [16] , Zibo's vehicle population was 719,000 in 2015. The huge emission from vehicles resulted in great pressure to the atmospheric environment in Zibo. Pursuant to statistical data of atmospheric environmental quality released by Zibo Environmental Protection Bureau in 2015, there were only 41 days with good air quality. Therefore, establishment of the gasoline vehicle emission inventory, which is in accordance with the actual situation of Zibo city, was expected to lay the foundation for formulation of a targeted emission control strategy.
Application Analysis
Regional Parameters of Zibo. According to 2015 Statistical Yearbook of Zibo Statistical Bureau
The basic environmental parameters and average vehicle running state of Zibo city were obtained by referring to the relevant data released by the Zibo Environmental Protection Bureau and the Zibo Traffic Administration Bureau. The annual average temperature in Zibo is 13.2 ∘ C, the annual relative humidity is 57%, and the average altitude is 34.7 m. The average running velocity of gasoline vehicle is 43 km h −1 , the average service life of gasoline vehicle is 3-5 years, the average load factor is 50%, and the sulfur content of gasoline [15] is less than 50 ppm. The regional emission correction factors of Zibo, as listed in Table 10, were obtained according to  Tables 3-8 .
Regional Vehicle Characteristics.
The annual average driving distance and local vehicle population are important indicators for measuring the degree of transportation development in a region, as well as the important basis for establishing regional emission inventory. Through consulting 2015 Statistical Yearbook of Zibo Transportation Administration Bureau, the annual average driving distance and population of different types of gasoline vehicles in Zibo were obtained. The specific data is presented in Table 11 , where the numbers 1 to 4 represent minivan, middle-sized coach, light duty truck, and other gasoline vehicles, respectively.
The Regional Emission
Inventory. The regional combined emission factors can be obtained by combining basic emission factors with correction factors in Zibo. Then the gasoline vehicle emission inventory can be obtained by combining regional vehicle characteristics. The results are listed in Table 12 . (1) For minivan and light duty truck, the emission amount of CO and HC, respectively, accounts for 94 and 96% of the total emission amount, more than 90% of the total emissions of these two pollutants.
(2) The number of small-sized trucks is only 10% of small passenger vehicles; however, its NOx emissions account for about 40% of total NOx emissions.
(3) Large number of small passenger vehicles account for 70% of the total PM 2.5 /PM 10 emissions and are the key models for PM 2.5 /PM 10 emission control.
In order to compare emission estimation using average emission factors versus emission correction factors in Zibo, we calculated a new emission inventory by using average emission factors. The results are listed in Table 13 . Table 13 summarizes that the estimated total emission from gasoline vehicles in Zibo city is 140.3% higher than the actual value calculated from the average emission factor in the standard. This huge error is attributed to the different traffic conditions in different regions, which results in different revision coefficients of emission factors. For Zibo city, the average velocity is the main factor leading to the error. Thus, the total emission from gasoline vehicles in Zibo cannot be estimated by means of the average emission factors, and the corresponding correction factors should be obtained by combining the actual local traffic conditions.
Uncertainty Analysis.
The uncertain factors that affect the emission inventory of traditional gasoline vehicles include the establishment of local statistical data and emission factors. In this paper, Monte Carlo uncertainty analysis method is applied to quantify the potential uncertainty of gasoline vehicle emission inventory. Simultaneity, the uncertainty range of the emission inventory (95% confidence interval) is obtained by repeated sampling method, as shown in Table 14 .
By the careful consideration of various factors that may affect the establishment of emission factors, the overall uncertainty of pollutant emissions does not exceed 35%. Among them, PM 2.5 /PM 10 has the highest uncertainty, and the relative error of total emissions is ±34.13%; furthermore, there is a significant difference in different vehicle types. This may be due to the fact that there are some differences between the national emission factors and the actual situation in Zibo. When using self-expanding simulation, the uncertainty of emission factors is increased, and thus the uncertainty range of the inventory is enlarged. Compared with PM 2.5 /PM 10 , the uncertainty of other pollutants is lower, which may be due to the relatively close emission factors obtained through different ways, which leads to underestimation of its uncertainty of quantitative analysis. According to the result of uncertainty analysis, the minivan is the most influential for the uncertainty of HC and PM 2.5 /PM 10 emissions, and the uncertainty of CO and NOx emissions is mainly determined by light duty trucks.
Comparison Analysis.
The emissions inventory established in this study was compared with the inventory developed by other scholars. We used a similar approach to vehicle types selection and calculation of emissions inventories. The results are shown in Table 15 . These data include the results of gasoline vehicle emissions of Chengdu [17] According to the comparison of the data in Table 15 , there are some differences in the pollutant emissions between Zibo and other cities in China. We analyze the reasons for these differences mainly in the following three aspects. Firstly, the based year: China's emission standards have been formulated since 2000 and then updated every 3-4 years; each update brings about a reduction of about 30% of the emission factor. Secondly, the vehicle population: due to differences in urban scale and economic development level among cities, there is a big difference in vehicle population, and there is a positive correlation between vehicle population and emissions. The third is the differences between the emission factors and the correction factors. For example, the basic emission factors used by Zeng et al. are derived from the experimental data of foreign vehicles, and there is a big difference between the emission factors obtained by the Chinese road tests used in this study. Moreover, the correction factors used in the relevant research have some difference, such as Chen et al. 's study, which increased the impact of factors such as slope on vehicle emissions.
Impact in Air
Quality. In this study, there is no total statistics of all atmospheric environmental pollutants; thus, it is impossible to analyze the degree of environmental impact of vehicle emissions. Referring to the conclusions of other similar cities, gasoline vehicles account for total CO, HC, NOx, and PM2.5/PM10 by 20%, 30%, 25%, and 12%, respectively. According to the comparison of the research results, the pollutant emission factors obtained in this study are approximately 41% of the average emission factors.
We are currently conducting larger vehicle road trials to update and obtain more detailed emission factors and develop relevant emissions inventory software to accommodate international research needs, including China.
Summary and Outlook
Considering that gasoline vehicle emission conditions differ significantly in different areas, the study determining basic emission factors with reference to the relevant guidelines, correcting factors based on regional differences, combined with driving distance and vehicle population, and other information of local gasoline vehicles finally figures out the method of establishing gasoline vehicle emission inventory, including the following.
(1) The gasoline vehicles are classified into four types based on their usage, and basic emission factors are determined according to the relevant guidelines. Notably, the emission estimation from the revised emission factor and the average emission factor are significantly different. This difference is attributed to the fact that the average velocity of gasoline vehicle in Zibo city is 43 km h −1 and the corresponding velocity correction coefficient is 0.39; thus the velocity correction factor is far less than the standard. Therefore, it is important to identify local emission factors in conjunction with local factors when emissions from an area are estimated. Moreover, velocity is an important factor affecting emissions.
(2) After the analysis of the differences in environmental parameters in different regions, average velocity, load coefficients, and deterioration factors, the corrections factors were confirmed. Moreover, their influences on the gasoline vehicle emission were systematically investigated. Comparative analysis of the emission estimations from other provinces or regions in China indicates that the difference in emission factors in different regions is due to different major factors. For example, the major emission factor of Chongqing Province is slope and Zibo city terrain is dominated by plain; therefore, the determination of Zibo city emission factor does not need to consider the slope factor.
(3) The computing method of gasoline vehicle emission inventory for different cities was established, considering Zibo city as an applied research example. Emission share rates of different vehicle types were analyzed, and finally the focus of governance was determined.
This study can extend theoretical support to quantitative evaluation on gasoline vehicle emission conditions in different areas and lay foundation for providing well-targeted regulation measures. In developing countries, medium-sized cities such as Zibo are very common, so this study has practical significance for the international urban emission estimation similar to Zibo urban cluster. 
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